ECE3050 — Assignment 13

1. The figure shows a current mirror. The transistors are identical.

(a) If the base currents and the Early effect can be neglected, use the equations

I = IgeVpE1/Vr I = Ige"pE2/Vr VBe1 +11Ry = Vs + 2R

LR IRy
I exp V = I exp TT

(b)If I; = 1mA, R; = 1.2k, and Vp = 25mV, solve for Ry for Iy = 20 uA. Answer:
Ry = 64.89 k2.

to show that

2. The figure shows a current mirror.
(a) If the transistors are identical and the Early effect can be neglected, label all currents in
the unlabeled branches in terms of Ip.
(b) Write a KCL equation at the collector of 1 and use it to solve for Ip.
(c) What is the minimum g for Ip > 0.99/rpr? Answer: § > 198.
(d) What is the small-signal output resistance rq,:? Answer: 7o, = T02.
(e) Explain how the Early effect can cause Ip to be greater than Irpp.
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3. The figure shows a current mirror with base current compensation.
(a) If the transistors are identical and the Early effect can be neglected, label all currents in
the unlabeled branches in terms of Ip.
(b) Write a KCL equation at the collector of )1 and use it to show thatly is given by
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(c) What is the minimum f for Ip > 0.991grpr? Answer: 5 > 13.58.
(d) What is the small-signal output resistance ro,:? Answer: 7oy = ro2.

(e) Explain how the Early effect can cause Ip to be greater than Irpp.
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4. The figure shows a Wilson current mirror
(a) If the transistors are identical and the Early effect can be neglected, label all currents in
the unlabeled branches in terms of Ip. Hint, express Ig3 in terms of I and use the results
of problem 2 to show that I is given by n terms of g3

Io/a
ICl = /2
I+—
B
(b) Write a KCL equation at the collector of @1 and use it to show that I is given by
B Irgpr
lo=1—1 I
a, 283
1+ —
g

(c) What is the minimum g for Ip > 0.99/rgr? Answer: § > 13.12.
(d) Explain how a positive feedback effect causes the small-signal output resistance to be

greater than rgs.
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5. The figure shows a transconductance op amp. (a) It is desired to obtain an output current
given by i, = 0.02 (v;1 — vi2). If Vr = 0.025V, what must be the value of I4pc? Answer:
Ispc = 1mA.
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6. The transconductance op amp of problem 5 is to be connected to a current-to-voltage con-
verter as shown below.
(a) The maximum peak value of v; is £5V. Specify the values of R; and Re which will
prevent the voltage applied to the + terminal of the op amp from exceeding 40mV. The
source resistance seen looking out of the + terminal is to be 100§2. Answers: Ry = 12.5kQ2
and Ry = 101 Q.
(b) For Iapc given by the value found in problem 5, calculate the value of Rp for v, = 8V
when v; = 5V. Assume Cp is an open circuit. Answer: Rp = 10kQS).
(c) Sketch and label the waveform for v, if v; (£) = 5sin (200007t) and Iapc = 1x1073 [1 4 0.5 sin (20007t)].

The waveform can easily be displayed with Mathcad, Matlab, or Excel.
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